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Open access under the ElTwo copper(II) compounds named [Cu2(l-O2CCH2C4H3S)4(bipy)]n (1) and [Cu2(O2CCH2C4H3S)4(bpe)2]n
(2) [(O2CCH2C4H3S) = 3-thiopheneacetate anion; bipy = 4,40-bipyridine and bpe = 1,2-bis(4-pyridyl)ethyl-
ene] have been synthesized and structurally characterized by single crystal X-ray diffraction analysis.
Compound 1 consists of binuclear paddle wheel SBUs connected by bridging bipy ligands resulting on
a 1D polymeric chain. On the other hand, compound 2 contains two crystallographically independent
copper(II) centers coordinated by 3-thiopheneacetate ions in a monodentate fashion and by bpe ligands
acting in a bridging mode to form 1D polymeric chains. In both cases, the 1D polymeric chains are linked
through non-classical hydrogen bondings C–HO, that apparently control the crystal packing.
 2010 Elsevier B.V. Open access under the Elsevier OA license.1. Introduction has conﬁrmed the existence ofmonodentate andbidentate coordina-The structural, spectroscopic and magnetic properties of transi-
tion metal complexes have gained increasing attention over the
past decades due to their various applications in biology or
materials technology [1–7]. Since the ﬁrst tetracarboxylate-
bridged copper(II) dimer structure for copper(II) acetate hydrate
[Cu2(MeCO2)4(H2O)2] [8] was reported by van Niekerk and Schoen-
ing in 1953, a variety of carboxylate groups has been used in the
construction of this kind of compound [9–12]. In this context,
many binuclear copper(II) carboxylate compounds have been iso-
lated and their magneto structural correlations studied [13–15].
In most cases, binuclear copper(II) carboxylates exhibit a paddle-
wheel structure with general formula [Cu2(OOCR)4(L)2] where
L = H2O, dmf (dimethylformamide), dmso (dimethylsulfoxide), py
(pyridine), etc., forming discrete adducts. In other instances, poly-
meric structures can also be obtained using bifunctional ligands,
which are able to axially connect binuclear paddle-wheel SBUs.
In particular, rigid pyridyl-donor ligands that can act on a bridge
between metal centers show up as good candidates to generate
1-D coordination polymeric chains.
Additionally, interesting structures have been conﬁrmed by
X-ray crystallography and the isolation ofmononuclear carboxylates: +55 32 32293314.
achado).
sevier OA license.tion modes of this kind of ligand [16].
In this work the synthesis and crystal structures of two cop-
per(II) coordination polymers namely [Cu2(l-O2CCH2C4H3S)4(bi-
py)]n (1) and [Cu2(O2CCH2C4H3S)4(bpe)2]n (2) containing 3-
thiopheneacetate anion (O2CCH2C4H3S) and the rigid pyridine
derivatives ligands 4,40-bipyridine (bipy) and 1,2-bis(4-pyri-
dyl)ethylene (bpe) are described.
2. Experimental
2.1. Materials and physical measurements
The precursor [Cu2(l-O2CCH2C4H3S)4]was synthesized according
to the published method [17]. All other chemicals were purchased
from Aldrich and used as received without further puriﬁcation.
Elemental analyses for C, H and N were carried out using a Per-
kin–Elmer 2400CHN analyzer. IR spectra were recorded with a
Bomem Michelson 102 FTIR spectrophotometer using KBr pellets
in the wavenumber range of 4000–400 cm1 with an average of
128 scans and 4 cm1 of spectral resolution.2.2. Synthesis of [Cu2(l-O2CCH2C4H3S)4(bipy)]n (1)
An ethanolic solution (10 mL) containing 14 mg (0.09 mmol) of
4,40-bipyridine were slowly added to an ethanolic suspension of
Table 1
Crystal data and structure reﬁnement parameters for compounds 1 and 2.
Compound 1 2
Empirical formula Cu2C34H28N2O8S4 Cu2C48H40N4O8S4
Formula weight (g mol1) 847.90 1056.22
Wavelength (Å) 0.71073 0.71073
Crystal system, space group orthorhombic,
Fdd2
monoclinic, P21
Unit cell dimensions
a (Å) 16.609(5) 8.461(10)
b (Å) 30.203(8) 10.292(10)
c (Å) 13.945(4) 26.698(10)
a () 90 90
b () 90 98.330 (10)
c () 90 90
Volume (Å3) 6995(3) 2300.8(8)
Z 8 2
Dcalc (g cm3) 1.610 1.525
Absorption coefﬁcient (mm1) 1.509 1.160
F(0 0 0) 3456 1084
h Range for data collection () 2.02–25.00 3.58-20.97
Reﬂections collected/unique
Number of parameters
reﬁned
1606/1505
224
11304/7097
597
Goodness-of-ﬁt (GOF) on F2 1.031 1.076
Final R indices [I > 2r(I)]a,b R1 = 0.0416,
wR2 = 0.1172
R1 = 0.064,
wR2 = 0.1267
R indices (all data)a,b R1 = 0.0451,
wR2 = 0.1211
R1 = 0.1055,
wR2 = 0.1421
Largest difference in peak and
hole (e Å3)
0.601 and 0.418 0.984 and 0.755
a R =
P
||Fo|  |Fc||/
P
|Fo|.
b Rw = {
P
[w(F2o  F2c )2]/
P
w(F2o )
2]}1/2; where w = [r2(F2o ) + (aP)
2]1, a = 1  101
and P = (F2o þ 2F2c )/3.
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[17]. The mixture was stirred at room temperature for 12 h and a
light green solid was formed. The solid was ﬁltered, washed with
ethanol and dried in air. This product was dissolved in DMSO
and the resulting solution was set aside. After two weeks, green
single crystals suitable for X-ray diffraction analysis were isolated.
Yield: 70 mg (72.1%). m.p. 206 C (d). Anal. Calc. for Cu2C34H28-
N2O8S4: C, 48.12; H, 3.30; N, 3.30. Found: C, 48.24; H, 3.30; N,
3.23%. IR (KBr, cm1): m(CH) 3106 (w), 3089 (w); m(CH2) 2924
(w), 2893 (w); m(CC/CN) 1623 (vs); masym (COO) 1607 (s); msym
(COO) 1418 (m); d (CH) 809 (m), 742 (m), 693 (m).
2.3. Synthesis of [Cu2(O2CCH2C4H3S)4(bpe)2]n (2)
In a round ﬂask, a mixture of methanolic solutions of the nitro-
gen ligand bpe (73 mg, 0.40 mmol, and 5 mL), Cu(O2CCH3)H2O
(80 mg, 0.40 mmol, 40 mL) and 3-thiopheneacetic acid (114 mg,
0.80 mmol, and 10 mL) was stirred for 12 h. After this time, a light
blue solid was ﬁltered and washed with ethanol. Recrystallization
from a DMSO solution has afforded, after a few weeks, blue single
crystals suitable for X-ray diffraction analysis. m.p. 227 C (d). Anal.
Calc. for Cu2C48H40N4O8S4: C, 54.56; H, 3.82; N, 5.30. Found: C,
54.33; H, 3.84; N, 5.20%. IR (KBr, cm1): m(CH) 3013 (w), m(CH2)
2930 (w), 2893 (w); m(CC/CN) 1611 (vs); masym (COO) 1584 (s); msym
(COO) 1348 (m).
2.4. X-ray diffraction measurements
X-ray data collection for compound 1 was performed on an
automated SIEMENS P4 diffractometer at room temperature with
a graphite-monochromated Mo Ka radiation (k = 0.71073 Å) using
XSCANS software [18]. The structure was solved by direct methods
using SHELX97 program [19].
For compound 2, single crystal X-ray data were collected using
a Bruker Kappa CCD diffractometer with Mo Ka (k = 0.71073 Å) at
room temperature. Data collection, reduction and cell reﬁnement
were performed by COLLECT [20], EVALCCD [21] and DIRAX [22] pro-
grams, respectively.
Table 1 summarizes the crystal data and structure reﬁnement
parameters for both complexes.3. Results and discussion
3.1. Synthesis and general characterization
Compound 1 was obtained from the reaction between the pre-
cursor [Cu2(l-O2CCH2C4H3S)4] previously synthesized and the
rigid nitrogen ligand 4,40-bipyridine, while compound 2 from
the reaction of copper(II) acetate and 3-thiopheneacetic acid with
the nitrogen ligand 1,2-bis(4-pyridyl)ethylene. The analytical data
are consistent with the formation of bimetallic units of (2:4:1)/
(Cu(II):carboxylate:bipy) stoichiometric ratio for compound 1 and
of a monometallic units of (1:2:1)/(Cu(II):carboxylate:bpe) stoichi-
ometric ratio for compound 2.
The most interesting feature of 1 and 2 IR spectra concerns the
values of the asymmetric (masym) and symmetric (msym) stretching
absorption frequencies of COO groups. It’s well known that the
difference (Dm) between masym and msym can indicate the coordina-
tion mode of COO groups when compared with the corresponding
value observed in ionic species [23]. Compound 1 spectrum shows
absorption bands at 1607 e 1418 cm1 assigned to masym and msym
stretching modes, respectively, giving Dm = 189 cm1. The precur-
sor [Cu2(l-O2CCH2C4H3S)4] presents Dm equal to 179 cm1 and
adopts the symmetrical bridging coordination mode (syn,syn-
g1:g1:l2) giving rise to a paddle-wheel type structure [17]. Com-paring the Dm values, one can conclude that in 1 the carboxylate
group coordination mode is the same of that observed in the pre-
cursor and that the original paddle-wheel structure is preserved.
The infrared spectrum of 2 contains proeminent masym and msym
stretching modes around 1584 and 1348 cm1, respectively, giving
Dm = 236 cm1 greater than the value of sodium 3-thiopheneace-
tate [Na(O2CCH2C4H3S)]6H2O (Dm = 169 cm1) [17] indicating that
the carboxylate group acts in a monodentate coordination mode.
Additionally, the pyridine ring vibrational band (m(CC/CN)) orig-
inally at 1598 cm1 in the free bipy spectrum and 1601 cm1 in the
free bpe spectrum shifts to higher wavenumbers, 1623 cm1 in 1
and 1611 cm1 in 2. This is indicative of spacers nitrogen ligands
coordination to the metal centers through the pyridine nitrogen
atom, as observed for previous structurally characterized com-
pounds containing pyridyl rings [17,24].3.2. Crystal structures of compounds 1 and 2
Compound 1 crystallizes in the orthorhombic system and Fdd2
space group. Fig. 1a presents an ORTEP representation [25] of the
coordination polymer fragment structure and Table 2 shows se-
lected bond distances and angles.
It can be noticed the presence of four 3-thiopheneacetate anions
linking two Cu(II) cations in a bridging coordination mode (syn,syn-
g1:g1:l2) generating the paddle-wheel structure, conﬁrming the re-
sults of IR spectrum. Each copper (II) center adopts a distorted
square-pyramidal geometry in which the basal plane is formed by
the carboxylate groups oxygen atoms and the apical position is
occupied by the pyridine nitrogen atom. The Cu–O bond distances
vary from 1.947(5) to 1.997(4) Å while the Cu–N bonds are longer
(d(Cu1–N1) = 2.074(11) Å and d(Cu2–N2) = 2.203(11) Å), charac-
terizing a Jahn–Teller distortion. The separation Cu1Cu2 in the
paddle-wheel unit is 2.628(13) Å and is in agreement to other struc-
turally characterized dicopper(II) tetracarboxylates described in
Fig. 1. (a) ORTEP [25] representation of 1 molecular fragment. (b) View along the crystallographic b axis of the 1D polymeric chain of 1. Hydrogen atoms were omitted for
clarity. Symmetry code: i = (x, y, z).
Table 2
Selected bond distances (Å) and angles () for compound 1.
Cu1–O1 1.947(5) O1–Cu1–O3 87.8(2)
Cu1–O3 1.977(4) O1–Cu1–N1 95.22(17)
Cu2–O2 1.997(4) O3–Cu1–N1 98.85(14)
Cu2–O4 1.968(4) O2–Cu2–O4 88.6(2)
Cu1–N1 2.074(11) O2–Cu2–N2 97.34(13)
Cu2–N2 2.203(11) O4–Cu2–N2 93.34(13)
Cu1Cu2 2.6283(13)
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so that the local structure looks like an open umbrella.
The rigid 4,40-bipyridine ligands connect the paddle-wheel SBUs
giving rise to a linear one-dimensional coordination polymer ex-
tended along the crystallographic c axis, as shown in Fig. 1b. The
N-to-N distance of bipy ligands is 7.039 Å providing a CuCu sep-
aration of 11.317 Å along the polymeric chain. The pyridyl rings are
not co-planar exhibiting a torsion angle of 43.58. The literature
documents other similar structures containing bipy ligands con-
necting paddle-wheel SBUs like [Cu2(L7)2(bipy)]2dmfH2O [27]
(H2L7 = 2,20-(2,4,6-trimethyl-1,3-phenylene)bis(methylene)bis(oxy)-
dibenzoic acid), reported recently.
The crystal packing of 1 shows that the 1D chains are connected
by weak non-classical hydrogen bonds (C–HO) between the oxy-gen atoms (O1) of the carboxylate anion and thiophene ring CH
groups. Although the C12O1 distance (3.5125(11) Å) is larger
than the sum of van der Waals radii (3.25 Å), the C–HO bond
angle is 170. The literature documents that linear bonds
(150o < h < 180) are structurally signiﬁcant because of the di-
pole-dipole contribution to the electrostatic energy. In addition,
there is a general consensus that C–HO bonds can determine
crystal packing especially when stronger hydrogen bonding is ab-
sent [28,29]. So, in this case, it seems that the supramolecular con-
struction is achieved because of this weak C–HO hydrogen bond.
Compound 2 crystallizes in the monoclinic system and P21
space group. An ORTEP diagram with atomic labeling scheme is
shown in Fig. 2a, and the selected bond lengths and angles are pre-
sented in Table 3.
In the asymmetric unit of 2, there are two crystallographically inde-
pendent copper (II) atoms (Cu1 andCu2). The 3-thiofenoacetate anions
act in a monodentate coordination mode, as indicated by IR results.
Each Cu(II) ion is coordinated by two oxygen atoms of distinct 3-thi-
ofenoacetate groups d(Cu1–O4) = 1.988(6) Å, d(Cu1–O6) = 1.955(6) Å,
d(Cu2–O2) = 1.966(7) Å and d(Cu2–O8) = 2.206(10) Å as well as by
two pyridyl nitrogen atoms from different bpe ligands in a trans
arrangement, adopting a distorted square planar geometry (Fig. 2a).
Bpe ligands connect the copper(II) centers forming a one-dimensional
polymeric chain as depicted in Fig. 2b. The N-to-Nmedium distance of
Fig. 2. (a) ORTEP diagram of 2 asymmetric unit. (b) View along the crystallographic b axis of the 1D polymeric chain of compound 2. Hydrogen atoms were omitted for clarity.
Symmetry code: i = (1  x, y, 1 + z).
Table 3
Selected bond distances (Å) and angles () for compound 2.
Cu1–O6
Cu1–O4
Cu1–N3
Cu1–N4
Cu2–O2
Cu2–N2
Cu2–N1
Cu2–O8
1.955(6)
1.988(6)
2.013(6)
2.029(7)
1.966(7)
2.016(7)
2.041(8)
2.206(10)
O6–Cu1–O4
O6–Cu1–N3
O4–Cu1–N3
O6–Cu1–N4
O4–Cu1–N4
N3–Cu1–N4
O2–Cu2–N2
O2–Cu2–N1
N2–Cu2–N1
O2–Cu2–O8
N2–Cu2–O8
N1–Cu2–O8
174.10(3)
90.10(3)
90.00(3)
91.40(3)
87.90(3)
173.6(3)
91.60(3)
91.10(3)
172.10(4)
149.60(4)
88.40(3)
93.00(3)
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d(Cu1Cu2) = 13.441 Å.
The literature describes several examples of copper carboxylates
with bpe ligand namely [Cu4(CDC)4(4,40-bpe)] [30], [Cu3(bpe-
n)(IN)6(H2O)2] [31] and [Cu(bdcH)2(bipyen)] [32] (CDC = trans-1,
4-cyclohexanedicarboxylate; IN = isonicotinate; bdcH2 = 1,3-ben-
zenedicarboxylic acid; 4,40-bpe, bpen and bipyen = 1,2-bis(4-pyri-
dyl)ethylene). It’s interesting to note that among the examples
cited above, the complex [Cu(bdcH)2(bipyen)] forms a 1D polymeric
chain with the carboxylate groups acting in a monodentate coordi-
nationmode resulting in a squareplanargeometry for themetal cen-
ter as observed in compound 2.
The one-dimensional chains are connected by weak non-classi-
cal hydrogen bonds (C–HO) between the carbon atoms of the 3-
thiopheneacetate anion (C25 and C43) and oxygen atoms of the
carboxylate group (O6 and O2), d(C25O6) = 3.521(11) Å and
d(C43O2) = 3.526(13) Å. Similarly to compound 1, CO distances
are larger than the van der Waals radii, but they are in the distance
range (3.0–4.0 Å) reported in the literature for signiﬁcant C–HObonds [28,29]. The C25–H25O6 and C43–H43O2 bond angles
are 146.60 and 165.00, respectively. So, here again, it seems that
these weak hydrogen bonds are responsible for the crystal packing
because even longer C–HO contacts can be important, especially
when linear.4. Conclusions
In this paper we have presented the synthesis, characterization
and crystal structures of two cooper(II) coordination polymers. By
using different copper(II) precursors and pyridine derivative
ligands, two supramolecular structures have been constructed.
The reaction between the previously synthesized precursor
[Cu2(l-O2CCH2C4H3S)4] and the rigid spacer ligand 4,40-bipyridine
(bipy) leads to the formation of compound 1, in which the original
metallic paddle-wheel units were preserved and are connected by
bridging bipy ligands giving rise to a 1D polymeric chain. The liter-
ature reports a compound namely {[Cu2(O2CCH2C4H3S)4l-(BPP)2]}n
obtained from the reaction between the same precursor [Cu2(l-
O2CCH2C4H3S)4] and the ﬂexible ligand 1,3-bis(4-pyridyl)propane
(BPP), but in this case, differently from compound 1, the original
paddle-wheel structure has broken down [17]. In compound 1,
the preservation of the paddle-wheel SBUs probably occurs due
to the rigidity of the nitrogen ligand bipy.
On the other hand, using copper(II) acetate and 3-thiopheneace-
tic acid as precursors in the reaction with the nitrogen ligand trans-
1,2-bis(4-pyridyl)ethylene (bpe), a different structure is achieved, in
which the paddle-wheel units are not observed. Compound 2 pre-
sents copper(II) ions coordinated by 3-thiopheneacetate anions in
a monodentate fashion and bpe ligands acting on a bridging coordi-
nation mode between the metal sites generating a 1D coordination
polymer. In both structures non-classical hydrogen bonds (C–HO)
between the oxygen atoms of the carboxylate anions and CH groups
seem to be responsible for the crystal packing.
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Appendix A. Supplementary material
CCDC 793132 and 793131 contain the supplementary crystallo-
graphic data for compounds 1 and 2. These data can be obtained
free of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif. Supplementary data
associated with this article can be found, in the online version, at
doi:10.1016/j.ica.2010.12.055.
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